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It was concluded from these studies that the HPMC 
solution ts non-toxic, tton-mutagenic non -antigenic, 
ooo-heosolytic, non-irritsting, ncs-inflammatory to oc* 
23 ulix tissues, and did sot cause a dangerous intraocular 
pressure rise. Further, the materia] had no effect on the 
ability of the cells to undergo normal mitotic division 
and. subsequently, normal cellular growth. Intraocular 
pressure increases in the rabbit from a """m'pi p dose 
30 .were transient and, in all cases, were within the normal 
range within a 24 hour period. Endothelial cells were 
not affected. 

Although the present invention has been de sc ri b e d in 
considerable detail with reference to a certain preferred 

35 versions and uses thereof, other versions and uses are 
possible. For example, while the vncoclssoc solution is 
designed for ophthalmic applications, it may be used for 
other physiological appucatioiis such as lubricating 
bone joints (knees, hips, etc.), preventing tissue adne- 

40 sion following surgical procedures, or as a carrier for 
nutritional products or cosmetics. Also, the viscosity of 
the solutions can be varied by selecting different molec- 
ular weight starting materials or blending the materials 
in different proportions or using higher concentrations 

45 of the starting materials. While a particular blend of 
HPMC materials is disclosed the combination selected 
and concentrations can depend on the desired proper- 
ties of the end product. Therefore, various different 
HPMC may be used. Further, it is not necessary that 

SO two different materials be used. One HPMC material 
may be processed as described above or a blend of more 
than two materials may be used. Additionally, different 
salts and buffers can be used for different applications 
and other materials can be added to the solutions for 

55 special purposes. Further, one skilled in ihe an will 
recognize that a different combination of filters may be 
used to remove debris and. depending on the dimen- 
sions and narure of debris in the composition, one or 
more of each size of filter can be used. Also, the order 

60 in which various processing steps are performed may be 
interchanged. Therefore, the spirit and scope of the 
appended claims should not be limited to the descrip- 
tion of the preferred versions contained herein. 
What is claimed is: 

65 1. An improvecNran position for physiological appli- 
cations, said composirajscontaining hydroxypropylroe- 
thylcellulose in a physiotamcaJ salt solution, the im- 
provement comprising a n^droxypropylmethylcel- 
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harmful 
9 

free o^particulate matter and gels 

[greaterthqni 0.5 j&m in dtamete^ said viscoelastic solu- 
tion havingasMro shear viscosity in excess of 15,000 
cps, an average^hwlecular weight in excess of 25CX000 
Daltons and being pyrogen free and non-toxic when a 5 
thera peut ical l y effecWeamount of said solution is in- 
jected into a human body^ 

X The improved composition of claim 1 wherein said 
composition being pyrogen free and non-toxic when a 
therapeutically effective amount of the solution is in- 10 
jected into a human eye. 

3. The viscoelastic solution of churn 2 wherein the 
hydrcoypvopyhncthylceilalose is present in a concen- 
tration from about 2.0% to about 2.5%. 

& The viscoelastic solution of claim 2 wherein the 15 
viscosity of the solution is from about 25,000 cennpoise 
to about 40,000 centipoisc 

5. The viscoelastic solution of claim 2 wherein the 
average molecular weight of the hydroxypropyhnethyl- 
cellulose is greater than about 575,000 but less than 20 
420,000. 

6. The viscoelastic solution of claim 2 prepared from 
a blend of a first hydroxypropyunethylcellulose having 
a first molecular weight and a second bydroxypropyl- 
methylceUulose having a greater molecular weight; the 

P> blend being processed to produce the particulate free, 
pyrogen free, and ooo-toxic solution. 

7. The viscoelastic solution of claim 6 wherein the 
blend is processed by filtration, redissolving and re- ^ 
moval of low molecular weight material, mid*process 
autoclaving and removal of dissolved gases. 

8. The viscoelastic solution of claim 7 wherein the 
hydroxypropylmethylcellulose in the viscoelastic solu- 
tion after processing has an average molecular weight j 3 
greater than the average molecular weight of the first 
hydroxypropylmethylcellulose or the second hydroxy- 
propylmethylcellulose. 

9. The viscoelastic solution of claim 6 wherein the 
first hydroxypropylmethylcellulose has an average mo- 40 
lecular weight of about 85.000 and the second hydroxy- 
propylmethylcellulose has an average molecular weigh! 
of about 220.000. 

10. The viscoelastic solution of claim 8 wherein the 
average molecular weight of the hydroxypropylmcthyl- 45 
cellulose after processing is greater than 375.000 but less 
than 420.000. 

11. The viscoelastic solution of claim 6 having a by- 
droxypropylmetbylcetlulose concentration of about 
2.3%. jo 

12. The viscoelastic solution of claim 5 wherein the 
hydroxypropylmethylcellulose has an average molecu- 

weight of about 410.000. 
J&fA process for preparing a viscoelastic solution of 
ydroxypropylmethylcellulose inyi physiological salt 5 5 
solution, the composition beineffee o^arttcuiate mate- -hartDTUi 
rial and gels [greater than 0.5 jim in diamcterjand being 
pyrogen free and aoo-toxicAvheu a therapeutically ef- 
fective amount of said solution is injected into a human 
eye. the process compelling the steps of: 60 

a) dispersing theyhydroxypropylmethylceUulose in 
the salt solution to form a suspension. 

b) heating the suspension of step (a) u> about 95* C . 
allowing any undissolved material to settle and 
discardinaAhe supernatant liquid above the undis- 65 
solved material. 

c) resuspending the undissolved material to form a 
secondY suspension of hydroxypropylmethylcel- 
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tutose and bearing the secondmspefiaoo to form a 

thick gel. r 

d) ?utermgihrgelthrou^ 

including a f^&ia having 0.5m© openingsjto 
focm a cJensrsoTutkn, 

e) antocjovmg the cksn solution, 

0 coding the autoclaved clean solution and filtering 
the cooled solution, and . 



10 1<X The|«««of ctoi 13 «rherein thephywrfogical 
salt <Abtion hot a pH of about 8.7 and contmnt NbU 
KO. CaCbWiO. MgCHSHjO, NoCjHiOiJHfcO 
NasCiKOrJHzO. . ^ 

13. The proceea of claim 13 wherein the nydioay- 
13 propytaethylceiluic^ dispersed in the sapieow tajt 
sotanoa bo Wend of a firat h ydi uiy| H opy h ae thyloel- 
tnloee having a tint molecular weight and a second 
hydroxypropylmethylcellulosc having a higher molecu- 
lar weight. 

20 1*. The process of claim 15 wherein the first bydrox- 
ypropytmetbyxeUulose has a molecular weight of 
about 85,000 Daltons and the second bydroxypropyl- 
mechylceUulose has a molecular weight .of tbout 
220.000 Daltons. . ^ , . 

25 17- The process of claim 15 wherein the weight of the 
first hydroxypropylmethylceUttlose in the suspension is 
about the weight of the second bydroaypropylmetbyl- 
celluiose. . ^ _ . 

18. The process of claim 15 wberein the hydroxy- 
J0 propytmethylcellulose in the suspension is about 3% by 

weight 

19. The process of claim 13 wherein the concentra- 
tion of the hydrosypropylmethylceUulose in the de- 
gassed solution is from about 2.0% to about 2.5% 

j« 20. The process of claim 13 wherein the concentra- 
tion of the hydroxypropylmethylceUulose in the de- 
gassed solution is about 2.3%. 

21 The process of claim 13 wherein the viscosity of 
the degassed solution ts from about 25.000 ceotipoise to 
40 about 40.000 ceotipoise. 

22. The process of claim 13 wherein the viscosity ol 
the degassed solution ts about 40.000 centipoise. 

23 The process of claim 13 wherein the molecular 
weight of the hvdro*>?ropylmethylc*Uulose in the 

45 degassed soluuon is greater than about K 5.000 but less 
ihan about 420.000. 

24 The process of claim U wherein the molecular 
weight of the hydrox>propylmetbylceUulose in the 
degassed solution ts about 410.000. 

JO fefl^A viscoelasuc composition for injection into a 
huxnaWye the viscoelasoc composition comprising 
hydroa^pvlmetbylcellulose in a physiological salt 
solution. 

the bvdros>Trhcrt lmethylceUuiose basing an »vera*« 
« molecular weiW greater than about ^5.000 but 
less than about 42M00 and being present in a con- 
centration from aboOS^r to about 2.5Sr. 

ibe-composioon havwg a^fosuy from about .5.000 

centipoise to about 40.000Wntipoise. being free of ftiantiTU 1 
to particulate matter and gels grater than 0.5 >im in 
diameter]and being pyrogen (hp and nontoxic. 
26 The viscoelastic composition of claim 25 wherein 
the concentration of the hydroxvpropylmctLylceUulose 
is about : 3<*. the average molecular weight of the 
65 hvdroxvpropy!metbylceIlulos< is aboitf 400.800 and the 
zero shear \isco*'ty of the composition is about 40.000 
centipoise 
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-2t — A process for preparing a high viscosity, sterite solution of 
vdroxvpropvlmethvlcellulose in an aqueous solution th/ frigh viscosjty. sterile 
solution being non-toxic, non-ovrogenic. and substantially free of particulate matter 
and gels harmful to the human eye, the process comprising the steps of: 

3} dispersing hvdroxypm pylmethyloellulose in a first part of the aqueous 

solution to form a suspension/ 

b) allowing the suspension to settle to yield a supern atant and a sediment 

comprising high molecrilar weight hvdroxvpropylmethvlcellulose^ 

7 *» 

£) discarding the supernatant, and leaving the sediment: 

d) resuspending/fhe sediment in a second part of the aqueous solution to 

form a gelV 

fi) filterinc/the oel through a series of successively finer filters to remove 

harmful particulate and gelatinous matter to form a clean solution: and 

f) sterilizing the clean solution. 

2& The process of step 27. wherein step a) is performed at a sufficiently 

elevated temperature to solvate low molecular weight hydroxypropylmethy lcellulose. 
and step el is performed at a sufficiently elevated temperature to significantly reduce 
the viscosity of tha gel. 



23. The process of claim 28. wherein the sterilization of the clean solution 

is effected by autoclaving 
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30, The process of claim 29. comprising the further steps of: 

3) cooling the autoclaved clean solution: 

b) filtering the cooled solution: and 

£) degassing the filtered, cooled solution 




